Abstract This study assessed the effect of acculturation on type 2 diabetes and whether health literacy may mediate this association. The Boston Area Community Health cohort is a multi-stage stratified random sample of adults from Boston including 744 Latinos. We defined dysglycemia as a HbA1c C5.7 %. Multivariable analyses examined the associations between acculturation and health literacy adjusting for demographic and clinical variables. Similar analyses were performed among participants with HbA1c C7.0 % to assess the association between acculturation and diabetes control. Among an insured primarily foreign born Spanish speaking Latino population, with a long residence period in the US and good healthcare utilization, higher levels of acculturation were not associated with dysglycemia. Lower levels of acculturation were associated with worse diabetes control. Health literacy level did not modify these associations. Elucidating the components of heterogeneity among Latinos will be essential for understanding the influence of acculturation on diabetes.
Introduction
Dysglycemia, defined as prediabetic or diabetic glycemic levels, is associated with increased cardiovascular disease morbidity and mortality [1, 2] . Latinos are at increased risk for obesity, higher rates of dysglycemia and type 2 diabetes (T2D) and develop T2D at younger ages and with lower BMI compared with non-Latino whites (NHW) [3] [4] [5] [6] . Understanding the socio-cultural factors that affect T2D prevalence is important for developing successful culturally tailored interventions in high risk groups [7] . High acculturation and low health literacy may be two factors associated with this higher risk among Latinos.
Acculturation is an important socio-cultural influence that may explain the disproportionate health burden of T2D among Latinos. Acculturation is defined as the process whereby an immigrant culture adopts the beliefs and practices of a host culture [8] [9] [10] . It is a complex multidimensional process with both positive and negative effects that may differentially influence the development of T2D risk factors. Higher acculturation has been associated with higher prevalence of unhealthy diet and less exercise leading to increased BMI and thus a higher risk for T2D [11, 12] . However, greater acculturation may also bring positive effects through increased insurance coverage with greater access to health care and use of preventive health services, improved socioeconomic status, and increased English language ability.
Health literacy's role in T2D self-management is potentially modifiable. It is defined as the ''degree to which individuals have the capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions'' [13] . Low health literacy is more common among racial/ethnic minority groups and has been associated with increased hospitalizations and emergency care, poorer ability to demonstrate taking medications properly and interpret medication labels and health messages [14] . It is also associated with poorer diabetes knowledge and worse self-management activities [15, 16] . No study to date has explored whether health literacy, measured with a scale validated in both English and Spanish, may mediate the effect of acculturation on T2D.
The association between acculturation and T2D is inconsistent among Latinos in the published literature possibly for several reasons. The observed conflicting findings of prior studies may be due to the heterogeneity of the Latino population and within-Latino group variability based on country of origin. The landmark Hispanic Community Health Study/Study of Latinos (HCHS/SOL), a population-based cohort study of 16,415 Latino women and men aged 18-74 years, demonstrates significant T2D variation in prevalence, awareness and control by country of origin [11] . In addition, acculturation typically has not been measured directly with the use of multidimensional validated scales but instead with the use of multiple limited acculturation proxy measures such as country of origin, age at migration, and language preference [8] [9] [10] . Also, most scales utilized did not fully capture the bicultural aspect of acculturation since acculturation is a continuum in the life process. Finally, acculturation is a complex process with both positive and negative effects on lifestyle behaviors across the lifespan that may differentially impact the development and self-management of T2D [8] .
To address these shortcomings, this study investigates the association of dysglycemia prevalence with acculturation, using a validated multidimensional scale, in an urban Latino population of primarily Puerto Ricans and Dominicans followed in the Boston Area Community Health (BACH) Survey. This is a unique community-based random sample of inner-city Boston residents with universal health insurance and good health care access and utilization. We hypothesized that higher acculturation is associated with higher prevalence of hyperglycemia among those participants with low health literacy. Among those with diabetes, we hypothesized that higher acculturation and higher literacy were associated with better control of T2D.
Methods

Participants
This paper used data from the BACH Survey III cohort. The BACH Survey is a longitudinal cohort study of residents of three Boston inner city areas, aged 30- 
Measures
Acculturation was measured using the validated Bidimensional Acculturation Scale (BAS) for Latinos [19] . The BAS is based on Likert scale ranging from 1 to 4 with mean scoring of each of the 12-items in each domain for each respondent. Each respondent has 2 scores: the Hispanic domain and the Anglo domain. Scores range from 1 to 4 for each cultural domain. Cutoff of 2.5 indicate low or high level in each domain. Scores of 2.5 or higher in both domains indicates the individual is bicultural. In the BACH cohort, there were very few bicultural acculturation participants (n = 56) so these were combined with the high acculturation participants (n = 239).
A fasting blood draw was conducted by a trained phlebotomist during the home visit. Fasting glucose was measured with a HemoCue 201 (Brea, CA) point-of-care analyzer. HbA1c was measured by Quest Diagnostics (Generation 2 TinaQuant assay; analytic measurement range 3.4-18 % HbA 1c ). Following the American Diabetes Association guidelines, dysglycemia was defined as HbA1c C5.7 % (39 mmol/mol) [1] . For analyses of diabetes control, we dichotomized HbA1c at C7.0 versus \7.0 % (53 mmol/mol) based on the underlying distribution and the results of the ACCORD trial demonstrating increased adverse events with strict control and for easier clinical interpretation [20] .
Participants were administered a version of the Test of Functional Health Literacy in Adult-short form (sTOFHLA), a validated instrument, which assesses health literacy in both English and Spanish [21] . This is a 36 item in person survey [22] . Following established convention, we categorized participants as having inadequate (0-16), marginal [17] [18] [19] [20] [21] [22] , or adequate [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] health literacy.
The home visit consisted of an in-person interview, conducted in English or Spanish, and a clinical component.
The interview provided the following information: nativity (foreign born vs. US born), years of residence in the US (categorized in 5 year intervals), first language (English, Spanish, other), having insurance (yes/no) and a usual place of care (yes/no), number of visits to a healthcare provider in the prior year, past medical history, current smoking status (yes/no), and medications. Socioeconomic status (SES) was measured by self-reported household income and educational attainment. Household income, originally grouped into 12 ordinal categories, was collapsed into the following three categories of US dollars: \20,000, 20-49,999, and C50,000. Educational attainment was categorized as less than high school, high school graduate or equivalent, some college, and college or advanced degree were combined due to smaller numbers. Measured clinical variables included anthropometric measurements (height and weight) and blood pressure. Anthropometric measures were obtained using a validated field protocol developed for use in large, community-based epidemiologic studies [23] ; measurements are identical to those employed in BACH. Height was measured with a square and ruler, weight with a portable battery scale, and waist circumference with a 200 cm fabric measuring tape. Blood pressure (BP) was measured using the Microlife Digital Fully Automatic Blood Pressure Monitor (Microlife USA, Dunedin, FL), recommended by the British Hypertension Society for both clinical and home usage. This instrument obtains three BP measurements and averages them, with date and time of measurement recorded automatically. Basal pulse rate was also measured. Blood examination included lipid profile measurement measured by Quest Diagnostics (Cambridge, MA) on an Enzymatic/ Olympus 5400.
Data Analysis
Two-tailed Chi-square tests for categorical variables and one-way analysis of variance for continuous variables were used to test for differences between the high and low acculturation groups. A series of multivariable linear or binary logistic regression models were utilized to assess the association between acculturation and dysglycemia. Model 1 presents the association of acculturation and the outcome. Model 2 adjusts for literacy. Model 3 adjusts model 2 for age and sex. Model 4 adjusts for the following: age, gender, education, health literacy, BMI, cholesterol level, presence of coronary disease and the use of antihyperglycemic medications. Model 4 was repeated twice to separately include an interaction term between acculturation and health literacy and acculturation with education to assess their association with diabetes. These four models were repeated in a subgroup of 148 diabetic Latinos to assess the association between acculturation and control of diabetes. All statistical analyses were performed using SUDAAN 11 (Research Triangle Park, North Carolina). To account for the survey design, data observations were weighted inversely to their probability of selection at baseline, adjusted for non-response bias at follow-up, and post-stratified to the Boston census population in 2010. To minimize reductions in precision due to missing data [24] [25] [26] , multiple imputation was implemented only for demographic covariates using the Multivariate Imputation by Chained Equations (MICE) algorithm in R [27] . Imputations were conducted separately for each racial/ethnic by gender combination to preserve interaction effects, and the complex survey sample design was taken into account. Fifteen multiple imputation datasets were created stratified by race/ethnicity by gender. A p value of B0.05 was considered significant in all analyses. Table 1 displays the descriptive statistics for self-identified Latinos (N = 744) stratified by the main predictor acculturation, categorized as low versus high. Most participants had a low level of acculturation (60 %) with most being older, female, foreign born, Spanish speakers, who also reported residing in the US C20 years. They also had a high school education or less, inadequate levels of health literacy and a low household income. Although overall rates were high, more highly acculturated Latinos were more likely to be insured and have a usual place of care. Across both acculturation groups, the median number of clinical visits from the prior year was four visits.
Results
Compared to those with high acculturation, low acculturated participants were more likely to have a HbA1c C5.7 % (39 mmol/mol). There were no significant differences between both acculturation groups by BMI, total cholesterol, presence of CAD, current smoking status and use of insulin and non-insulin diabetes medications. There was a significant inverse health literacy gradient and a HbA1c C5. Table 2 shows logistic regression models examining the association of dysglycemia measured by HbA1c (C5.7 vs. \5.7 %) (39 mmol/mol) with acculturation and health literacy. Model 1 demonstrates that the low acculturation group is more likely to have diabetes compared to those with high acculturation. The addition in model 2 of health literacy attenuates to nonsignificance the effect of acculturation while low health literacy (inadequate and marginal categories) is strongly associated with diabetes compared to those with adequate health literacy. The effects of both literacy and acculturation are attenuated to nonsignificance but increasing age and increasing BMI and lower education achievement compared to college education achievement are associated with diabetes. The addition of an acculturation and literacy interaction term to Model 4 was nonsignificant (p = 0.82) as well as a separate full model 4 with the interaction of acculturation and education (p = 0.22). Table 3 shows the results of multivariable results of 148 diabetic Latinos on treatment for diabetes. Models 1-3 demonstrates no significant association between acculturation and a HbA1c C7 % (53 mmol/mol) but, the fully adjusted Model 4 shows that low acculturated participants were more likely to not be well controlled. The addition of an acculturation and literacy interaction term to Model 4 
Discussion
Among a primarily foreign born, Spanish speaking, mainly Caribbean Latino population with a long residence period in the US, universal health insurance and good health care access and utilization, we found that higher levels of acculturation were not associated with dysglycemia. Health literacy level did not modify this association. Importantly, in fully adjusted models, low education attainment remained significantly associated with dysglycemia compared to college educated Latinos as has been found in prior studies [28] . Low acculturation was associated with worse diabetes control. There are several possible explanations for these findings. First, Latinos are a heterogenous racial and ethnic group representing multiple countries of origin with varying levels of education, socioeconomics, and cultural traditions whose effects vary by the different regions of the US where they live. These factors influence the prevalence of dysglycemia and T2D across Latino subgroups. This within-Latino group heterogeneity has not been fully accounted for with most prior research primarily involving Mexican and Mexican Americans [4, 29] . The Hispanic Community Health Study/Study of Latinos (HCHS/SOL) has demonstrated important variation in diabetes and risk factor prevalence with Puerto Ricans and Dominicans having the highest prevalence of obesity and T2D [11] . Thus, our findings are probably more representative of Caribbean Latino subgroups in the Northeast of the US with insurance and good medical access and utilization. Second, the association between acculturation and T2D is inconsistent among Latinos because of important moderating factors. NHANES based studies of Mexicans and Mexican Americans had high rates of uninsurance which may have confounded the acculturation associations. Mexican and Mexican Americans have a strong association between increasing T2D prevalence and higher acculturation due to increased rates of obesity from deleterious diets and low physical activity [29] [30] [31] [32] . But these acculturation findings were partially moderated by SES status with low SES and low acculturated Mexican women having a higher prevalence of T2D and obesity compared to more acculturated and higher SES counterparts [31] . In addition, the prevalence of T2D is significantly increased in relation to length of residence in the US [33] and age and health at migration [34] .
Our cohort is relatively homogenous on many of these factors (e.g., country of origin, SES level, length of residence in the US and preferred language) allowing us to see the effects of acculturation in a distinct subgroup. However, this does not allow extrapolation to other Latino subgroups with differing characteristics. Historic and socioeconomic differences in migration patterns across Latino subgroups combined with differences in receiving communities likely impacts how acculturation operates in different subgroups [10] . As US citizens, the experience of Puerto Ricans in the Northeast with generations of migration will differ significantly from noncitizen Mexicans in the Southwest.
Third, acculturation is a complex multidimensional phenomena and it has typically not been measured directly with the use of validated scales. The Bidimensional Acculturation Scale (BAS) for Hispanics used in our study is comprised of 12 items for two cultural dimensionsHispanic and non-Hispanic domains-that measure language use, proficiency and electronic media use in those languages (i.e., television, radio). However, a language based scale may not fully capture health related attitudes, values and behaviors that are part of the causal pathway for T2D development. Language ability does not include the dynamic personal and communal networks that can be acquired over time in Latino dense areas that mitigate the barriers of low language proficiency. Increasing time in the US may also be associated with a mixture of beliefs and behaviors that could be ''the best of both worlds [35] .'' Thus, higher acculturation has been associated with increased insurance coverage with greater access to health care and use of preventive health services, and improved socioeconomic status [8] . Although 60 % of our sample had low acculturation, our participants were insured, had good access to healthcare and reported a median of four physician visits in the prior year. Access and intensity of medical care use may mitigate any acculturative differences reported in other studies. In addition, 93 % of those with low acculturation have been in the US 10 years or longer thus our cohort may also be reaping the benefits of US residence.
Our sample of low acculturated participants had high rates of inadequate literacy. Health literacy is a complex construct that operates through both system factors (i.e., access and use of healthcare, patient-provider interactions) and patient sociocognitive motivational (i.e., beliefs and attitudes) and volitional determinants (i.e., self-efficacy) [36, 37] . Beliefs and attitudes are associated with access to health information and knowledge and this is associated with action around task-specific skills such as T2D selfmanagement activities. As a complex chain of interrelated factors, it is not surprising that health literacy and acculturation are not interrelated for dysglycemia in our analyses. Although low health literacy is consistently associated with poorer diabetes knowledge, recent systematic reviews document inconsistent evidence between health literacy and diabetes self-efficacy care and clinical outcomes in diabetes [38] . The association of low health literacy and poor diabetes knowledge might explain our finding of worse diabetes control among those with low acculturation who in our sample are more likely to have inadequate health literacy.
Our study has several possible limitations. First, BACH participants are primarily limited to Puerto Ricans and Dominicans. Prior research has demonstrated varying CVD risk factor distribution among Latinos by country of origin [39, 40] . However, this analysis is a unique scientific contribution given that there are few studies of T2D and acculturation effects among this Latino heritage group. Second, perhaps because of healthcare reform in Massachusetts (2006), our cohort had higher rates of insurance and health care access compared to other national (NHANES) and California based cohorts such as the California Health Interview Survey. However, disparities in CVD risk factor identification and management are well known and these disparities are only partially explained by insurance status and healthcare access. Thus, our study highlights the possible true effects of acculturation among Puerto Ricans and Dominicans without the confounder of uninsurance. Finally, this is a cross-sectional analysis limiting causal inference.
Our study has several important strengths to highlight. BACH uses a validated multidimensional acculturation instrument instead of proxy measures. Thus, our main exposure variable has a more precise and complete measurement. Similarly, our measure of health literacy is a validated and widely used scale. Second, our paper may be the only paper studying the effect of health literacy with acculturation on dysglycemia in Latinos.
New Contribution to the Literature
Our findings that higher levels of acculturation were not associated with dysglycemia in a primarily Caribbean foreign born cohort is important given the setting of universal health insurance and good health care access and utilization. The effect of acculturation is complex including both negative and positive influences. Our findings highlight that there is no simple unified acculturative process that leads to one general negative health outcome. Universal access to high quality health care is an important factor for eliminating T2D disparities. Importantly, this effect was seen among a highly vulnerable subsection of Latinos in the US-foreign born, low income and primarily Spanish speaking Latinos [8] . Future research needs to investigate many other important socioeconomic and sociocultural factors that impact T2D prevalence and management. This paper focused on health literacy which did not mediate the association between dysglycemia and acculturation nor diabetes control. However, we found that low education attainment remained significantly associated with dysglycemia compared to college educated Latinos. Future studies will need to further decompose the effects of education and income beyond health literacy to include other factors such as social networks, social capital and resilience [7] . It will be important to continue to understand the relationship of acculturation with other interrelated socioeconomic and sociocultural factors that affect dysglycemia and its complications in order to develop successful culturally tailored interventions.
